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Abstract 
Based on the wavelet theory, a class of novel filter banks is designed and constructed. The filter banks have 
mathematical properties of finite impulse response, symmetry, linear phase, quasi-orthogonality, high regularity etc. 
As an application on signal and information processing, a number of image compression experiments are performed 
on four testing images with five different bit rates. Peak signal-to-noise ratio and structural similarity index measure 
are used to evaluate the image quality. The experimental results show that the proposed filter banks have a very good 
performance of image compression. 
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1. Introduction 
Recent research in transform-based image compression has focused on the wavelet transform due to 
its superior performance over other transforms. It has become a powerful tool for image and video coding 
[1]-[5].   There are close relationships between compactly supported orthogonal wavelet bases and finite 
impulse response (FIR) orthogonal filter banks. Mallat [6] proposed a rapid algorithm for computation of 
wavelet coefficients by using filter banks. Daubechies [7] constructed compactly supported orthogonal 
wavelet bases thorough the iteration of discrete filters. Vetterli and Herley [8] designed orthogonal 
wavelets with the regular filters. More research is described in [7] and [9]. 
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2. Basic theory 
























  (1) 
Assume the FIR filter H(ω) is of length 2N. The following sufficient conditions ensure the filter H(ω) 
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3. Design of filter banks 
Assume that the filter H(ω) is symmetric, namely, h2N-1-k=hk, k=0, 1, …, N-1，then the constraint 
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with γ as the objective function and hk , k=0, 1, …, N-1, as the variables, the following optimization 
model is established to design a class of novel filter banks. 
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There is the following proposition 1 for the constraint equations in the model (9). 
Delete all linear correlation equations in (7) and use the equivalent transformation of the coefficients 
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The filter banks satisfying (10) and (1) are symmetric quasi-orthogonal FIR filter banks. They are 
expressed in symbols “HqN(ω)” and “GqN(ω)” respectively. 
4. Image quality measures 
4.1. Peak signal-to-noise ratio 
Standard objective measures of image quality are Mean Squared Error (MSE) and PSNR which is 
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where x, y are the two images with I×J pixel. 
4.2. Structural similarity index measure 
SSIM index is a method for measuring the similarity between two images [11]. It is commonly used 
for testing the quality of various lossy video compression methods. It is defined as: 
γβα )],([)],([)],([),( yxsyxcyxlyxSSIM =   (12) 
where l(x, y) is the luminance comparison, c(x, y) is contrast comparison and s(x, y) is the structural 
comparison between two images (x, y) and α> 0，β> 0 and γ> 0 are used to adjust the importance of 
three parameters.  
5. Experimental results 
Here four test images (512×512, 8 bits per pixel), Lena, Goldhill, Baboon and Barbara are used to 
evaluate the performance of the filter banks in image compression.  Experiments are conducted on 
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MATLAB platform, coded with SPIHT image compression coder [3]. For each image 5 different bit rates 
are used: 0.2, 0.4, 0.6, 0.8 and 1 bit per pixel (bpp) with 5 levers of decompositions. PSNR and MSSIM 
are the measures of compressed image quality. 
The PNSR and MSSIM of a number of conventional wavelets together with ones of H56 and H57 
are shown respectively in Tables 1 and 2.  With the notations in MATLAB, dbN is Daubechies’ wavelet 
of 2N-length, symN is the Daubechies’ symlet of 2N-length, bior4.4 and bior5.5 are biorthogonal 
wavelets of 7/9-length and 9/11-length respectively. 
It is clear from Table 1 and Table 2 that H57 has the maxima of PSNR and MSSIM, and followed by 
H56. The comparison results show that the proposed filter banks have very good performance of image 
compression. 
6. Conclusion 
A class of novel filter banks HqN(ω) and GqN(ω), which have the mathematical properties of FIR, 
symmetry, linear phase, quasi-orthogonality, q-order regularity, are designed and constructed in this work. 
Their order of regularity can only be odd. The SPHIT coder with five different bit rates is used to code 
four testing images in image compression experiments. Comparisons with the conventional Daubechies’ 
wavelets and biorthogonal wavelets show that PSNR and MSSIM of H5N are greater than ones of bior4.4, 
bior5.5, dbN and symN (N = 6, 7). The experimental results indicate that the proposed filter banks have a 
very good performance of image compression. 
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Table 1. PNSR comparison 
Test 
image 
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ra 1.0 35.4828 35.6288 35.6464 35.8333 35.5250 35.2818 35.7413 35.9008
Table 2. PNSR comparison 
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